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An environmentally benign, ionic liquid promoted multicomponent protocol to benzopyrano(2,3-
d)pyrimidines and 4H-chromenes has been developed at room temperature. Results of the reaction
depend on the nature of the nucleophile used in the reaction. Secondary amines result in the formation
of benzopyrano(2,3-d)pyrimidines, whereas thiols give rise to 4H-chromenes under the same set of reac-
tion conditions.
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The challenging task of achieving ‘efficiency’ and ‘green creden-
tials’ in all aspects of chemical synthesis, can be realized by inno-
vative research which comprehensively addresses the issues of
atom-economy, economy of steps, and the avoidance of auxiliary
chemicals.1 Multi-component reaction (MCR) protocol with envi-
ronmentally benign solvents and catalytic systems is one of the
most suitable strategies, which meets the requirements of green
aspects of chemistry for developing libraries of medicinal scaf-
folds.2 Ionic liquids are attracting increasing attention as alterna-
tive solvents for a wide range of catalytic and organic reactions
due to their very low vapor pressure and non-explosive and ther-
mally stable nature in a wide temperature range.3 The recent years
have witnessed the potential of ionic liquids as catalysts as well as
reaction media aimed to develop green chemistry, avoiding the use
of volatile organic solvents and allowing its reuse. There are
numerous examples of all classes of organic reactions that have
been successfully carried out in ionic liquid as reaction media.4

Benzopyrano[2,3-d]pyrimidine is a potentially important phar-
macophore that exhibits in vivo antitumor activity, cytotoxic activ-
ity against cancer cell lines and can cause significant perturbation
in cell cycle kinetics.5 Relatively few papers have been reported
on the formation of benzopyrano[2,3-d]pyrimidines with a limited
substitution pattern. This core was initially synthesized by O’Calla-
ghan by condensation of 2-iminocoumarin-3-carboxamides with
aldehydes involving a multistep complex reaction procedure.6

Despite some attempts to overcome the drawbacks, no benign
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method with promising green credentials has so far appeared for
the synthesis of this core.7 In view of the above and as a part of
our ongoing research on development of efficient protocols in
organic synthesis,8 we report herein an ionic liquid promoted, effi-
cient combinatorial synthesis of substituted benzopyrano[2,3-d]
pyrimidines in good to excellent yields adopting a three-compo-
nent one-pot tandem approach (Scheme 1). The investigations have
also been extended to achieve a library of some new 4H-chromenes,
which constitute another important class of core structures
featured in a number of naturally occurring and biologically active
molecules known for their antimicrobial and antifungal,9–13

antioxidant,14,15 antileishmanial,16 antitumor,17–19 hypotensive,20

antiproliferation,21 local anesthetic,22 antiallergenic,23,24 central
nervous system (CNS) activities,25 as well as for the treatment of
Alzheimer’s disease26 and schizophrenia disorders.27

In order to optimize the reaction conditions, the catalytic activ-
ity of ionic liquids was tested for a typical multicomponent reac-
tion of salicyldehyde 1a, malononitrile 2, and dimethylamine 3a
at room temperature. The results are given in Table 1.

To find out a suitable reaction medium, a number of molecular
solvents were tried with catalytic amount of [Bmim]BF4 and it was
found that use of [Bmim]BF4 with dual role of catalyst and solvent
dramatically reduces the reaction time with improved product
yield at room temperature (Table 1, entry 6). An elevated temper-
ature, however, could not enhance the product yield (Table 1, entry
10). Intrigued by these observations, the model reaction was also
investigated using other ionic liquids namely [Bmim]PF6 and [Bmi-
m]OH, but they could not afford good product yield (Table 1, en-
tries 7 and 8).
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Table 1
Optimization of reaction conditions
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Entry Catalyst (mol %) Solvent Time Yielda (%)

1 [Bmim]BF4 (20) 1,4-dioxane 4 h 17
2 [Bmim]BF4 (20) EtOH 4 h 79
3 [Bmim]BF4 (20) Toluene 4 h 27
4 [Bmim]BF4 (20) Water 4 h nrb

5 [Bmim]BF4 (20) Acetonitrile 4 h 23
6 — [Bmim]BF4 20 min 88
7 — [Bmim]PF6 20 min 45
8 — [Bmim]OH 20 min 45
9 — — 40 min 19

10 — [Bmim]BF4 20 min 85c

a Isolated yield.
b nr = no reaction.
c Reaction carried out at 60 �C.
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Scheme 1. Synthesis of benzopyranopyrimidines 4 and 4H-chromenes 5 using [Bmim]BF4.
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Under the optimized set of reaction conditions, a number of sal-
icylic aldehydes viz. salicyldehyde (1a), 5-bromosalicyldehyde (1b),
and 2-hydroxynaphthaldehyde (1c) were allowed to react with
malononitrile (2) and different secondary amines namely dimethyl-
amine (3a), piperidine (3b), morpholine (3c), diethylamine (3d) to
afford a variety of benzopyrano[2,3-d]pyrimidines 4a–i. The out-
come is described in Table 2. A perusal of Table 2 shows that salicyl-
dehyde (3a) and 5-bromosalicyldehyde (3b) underwent the
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Scheme 2. Synthesis of 4H-c
reaction smoothly affording reasonably good yields (entries 1–6).
However, a considerable decrease in the product yield was ob-
served with 2-hydroxynaphthaldehyde (1c) (entries 7, 8). As is evi-
dent, the secondary amines do also have profound effect on the
course of overall reaction. Dimethylamine (3a) works well in all
its reactions (entries 1, 4 and 7), but all the efforts to carry out
the reaction with diethylamine (3d) failed (entry 9). The probable
reason for this anomaly may be the presence of two extra arms,
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Table 2
Synthesis28 of substituted benzopyrano[2,3-d]pyrimidines (4)
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a Isolated yield.
b nr = no reaction.

Table 3
Synthesis28 of 2-amino-4-arylsulfanyl-4H-chromene-3-corbonitriles (7)

Entry Aldehyde (1) Thiol (5) Product (7) Yielda (%)

1 1a 5a 7a 80
2 1a 5b 7b 85
3 1b 5a 7c 82
4 1b 5b 7d 80
5 1b 5c 7e 78
6 1c 5b 7f 72
7 1c 5c 7g 81

a Isolated yield.
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which must have come in the way of the reaction. However, when
these arms were tied back as in the case of morpholine and piperi-
dine, the reaction occurred comfortably (entries 2, 3, 5, 6, and 8).

Being inspired by the above results, it was thought worthwhile
to replace the secondary amine with thiols under the same set of
reaction conditions in order to get some newly substituted
benzopyrano[2,3-d]pyrimidines, but to our utmost surprise, we
could not achieve the formation of the expected product 6. Careful
analysis of the spectral data rather revealed the formation of 2-
amino-4-arylsulfanyl-4H-chromene-3-corbonitriles (7), thereby
approving a different reaction pathway (Scheme 2). The outcome
of the reaction of different thiols viz. thiophenol (5a), p-methyl-
thiophenol (5b), p-methoxythiophenol (5c) with salicylic alde-
hydes 1 and malononitrile 2 is described in Table 3. It is evident
from Table 3 that all the salicylic aldehydes and thiophenols show
more or less similar reactivity and product yields. The reaction was
also tried with heteroaromatic and aliphatic thiols (2-mercapto-
benzothiazole and 2-mercaptoethanol) but it did not succeed.
The role of phenols as nucleophile in the aforementioned reaction
was also tried, but it did not give any impressive results.

It is worthwhile to mention that the IL [Bmim]BF4 was recycled
up to five times without any significant loss and diminution in its
amount and efficacy. After each and every recycle, the purity of the
IL was affirmed by spectroscopic data.

In conclusion, we have demonstrated an efficient use of ionic li-
quid for multicomponent synthesis of benzopyrano(2,3-d)pyrimi-
dines at room temperature under solvent-free conditions in an
environmentally benign and one-pot fashion. The reaction has also
been extended to the synthesis of 2-amino-3-arylsulfanyl-4H-
chromene-3-corbonitriles.

Acknowledgment

We are thankful to the Department of Biotechnology, New Delhi
for financial assistance.

References and notes

1. (a) Anastas, P. T.; Warner, J. C. In Green Chemistry Theory and Practice; Oxford
University Press: Oxford, UK, 1998; (b) Anastas, P. T.; Williamson, T. In Green
Chemistry: Frontiers in Benign Chemical Synthesis and Process; Oxford University
Press: Oxford, UK, 1998.

2. (a) Kumaravel, K.; Vasuki, G. Curr. Org. Chem. 2009, 13, 1820–1841; (b) Chanda,
A.; Fokin, V. V. Chem. Rev. 2009, 109, 725–748.

3. (a) Ludwig, R.; Kragl, U. Angew. Chem., Int. Ed. 2007, 46, 6582–6584; (b) Bier, M.;
Dietrich, S. Mol. Phys. 2010, 108, 211–214; (c) Awad, W. H.; Gilman, J. W.;
Nyden, M.; Harris, R. H.; Sutto, T. E.; Callahan, J.; Trulove, P. C.; DeLong, H. C.;
Fox, D. M. Thermochim. Acta 2004, 409, 3–11; (d) Huddleston, J. G.; Visser, A. E.;
Reichert, W. M.; Willauer, H. D.; Broker, G. A.; Rogers, R. D. Green Chem. 2001, 3,
156–164; (e) Kamavaram, V.; Reddy, R. G. Int. J. Therm. Sci. 2008, 47, 773–777;
(f) Kosmulski, M.; Gustafsson, J.; Rosenholm, J. B. Thermochim. Acta 2004, 412,
47–53; (g) Van Valkenburg, M. E.; Vaughn, R. L.; Williams, M.; Wilkes, J. S.
Thermochim. Acta 2005, 425, 181–188; (h) Wooster, T. J.; Johanson, K. M.;
Fraser, K. J.; MacFarlane, D. R.; Scott, J. L. Green Chem. 2006, 8, 691–696; (i)
Meine, N.; Benedito, F.; Rinaldi, R. Green Chem. 2010, 12, 1711–1714.

4. Hallett, J. P.; Welton, T. Chem. Rev. 2011, 111, 3508–3576.
5. Hadfield, J. A.; Pavlidis, V. H.; Perry, P. J.; McGown, A. T. Anti-Cancer Drugs 1999,

10, 591–595.
6. (a) O’Callaghan, C. N. Proc. R. Ir. Acad. 1973, 73, 291–297; (b) O’Callaghan, C. N. J.

Chem. Soc. Perkin. Trans. 1 1980, 1335–1337.
7. (a) Borisov, A. V.; Dzhavakhishvili, S. G.; Zhuravel, I. O.; Kovalenko, S. M.;

Nikitchenko, V. M. J. Comb. Chem. 2007, 9, 5–8; (b) Ghahremanzadeh, R.;
Amanpour, T.; Bazgir, A. Tetrahedron Lett. 2010, 51, 4202–4204; (c) Zonouzi, A.;
Biniaz, M.; Mirzazadeh, R.; Talebi, M.; Ng, S. W. Heterocycles 2010, 81, 1271–
1278.

8. (a) Allam, B. K.; Singh, K. N. Tetrahedron Lett. 2011, 52, 5851–5854; (b)
Raghuvanshi, D. S.; Singh, K. N. Tetrahedron Lett. 2011, 52, 5702–5705; (c)



A. K. Gupta et al. / Tetrahedron Letters 53 (2012) 650–653 653
Singh, N.; Singh, S. K.; Khanna, R. S.; Singh, K. N. Tetrahedron Lett. 2011, 52,
2419–2422; (d) Raghuvanshi, D. S.; Singh, K. N. Synlett 2011, 373–377; (e)
Allam, B. K.; Singh, K. N. Synthesis 2011, 1125–1131.

9. El-Agrody, A. M.; El-Hakium, M. H.; Abd El-Latif, M. S.; Fekry, A. H.; El-Sayed, E.
S. M.; El-Gareab, K. A. Acta Pharm. 2000, 50, 111–120.

10. Yimdjo, M. C.; Azebaze, A. G.; Nkengfack, A. E.; Meyer, M.; Bodo, B.; Fomum, Z.
T. Phytochemistry 2004, 65, 2789–2795.

11. Xu, Z.-Q.; Pupek, K.; Suling, W. J.; Enache, L.; Flavin, M. T. Bioorg. Med. Chem.
2006, 14, 4610–4626.

12. Jeso, V.; Nicolaou, K. C. Tetrahedron Lett. 2009, 50, 1161–1163.
13. Alvey, L.; Prado, S.; Saint-Joanis, B.; Michel, S.; Koch, M.; Cole, S. T.; Tillequin, F.;

Janin, Y. L. Eur. J. Med. Chem. 2009, 44, 2497–2505.
14. Alvey, L.; Prado, S.; Huteau, V.; Saint-Joanis, B.; Michel, S.; Koch, M.; Cole, S. T.;

Tillequin, F.; Janin, Y. L. Bioorg. Med. Chem. 2008, 16, 8264–8272.
15. Symeonidis, T.; Chamilos, M.; Hadjipavlou-Litina, D. J.; Kallitsakis, M.; Litinas,

K. E. Bioorg. Med. Chem. Lett. 2009, 19, 1139–1142.
16. Narender, T.; Shweta; Gupta, S. Bioorg. Med. Chem. Lett. 2004, 14, 3913–3916.
17. Mohr, S. J.; Chirigos, M. A.; Fuhrman, F. S.; Pryor, J. W. Cancer Res. 1975, 35,

3750–3754.
18. Rampa, A.; Bisi, A.; Belluti, F.; Gobbi, S.; Piazzi, L.; Valenti, P.; Zampiron, A.;

Caputo, A.; Varani, K.; Borea, P. A.; Carrara, M. I. L. Farmaco 2005, 60, 135–147.
19. Han, Q.-B.; Yang, N.-Y.; Tian, H.-L.; Qiao, C.-F.; Song, J.-Z.; Chang, D. C.; Chen, S.-

L.; Luo, K. Q.; Xu, H.-X. Phytochemistry 2008, 69, 2187–2192.
20. Tandon, V. K.; Vaish, M.; Jain, S.; Bhakuni, D. S.; Srimal, R. C. Indian J. Pharm. Sci.

1991, 53, 22–23.
21. Brunavs, M.; Dell, C. P.; Gallagher, P. T.; Owton W. M.; Smith, C. W. Eur. Pat.

Appl. EP 557075 A1 19930825, 1993.
22. Longobardi, M.; Bargagna, A.; Mariani, E.; Schenone, P.; Vitagliano, S.; Stella, L.;

Sarno, A. D.; Marmo, E. I. L. Farmaco 1990, 45, 399–404.
23. Gorlitzer, K.; Dehre, A.; Engler, E. Arch. Pharm. Weinheim Ger. 1983, 316, 264–

270.
24. Coudert, P.; Couquelet, J. M.; Bastide, J.; Marion, Y.; Fialip, J. Ann. Pharm. Fr.

1988, 46, 91–96.
25. Eiden, F.; Denk, F. Arch. Pharm. Weinheim Ger. 1991, 324, 353–354.
26. Bruhlmann, C.; Ooms, F.; Carrupt, P.; Testa, B.; Catto, M.; Leonetti, F.; Altomare,
C.; Carotti, A. J. Med. Chem. 2001, 44, 3195–3198.

27. Kesten, S. R.; Heffner, T. G.; Johnson, S. J.; Pugsley, T. A.; Wright, J. L.; Wise, D. L.
J. Med. Chem. 1999, 42, 3718–3725.

28. General procedure for preparation of benzopyrano[2,3-d]pyrimidine 4:
Salicylaldehyde 1 (2 mmol), malononitrile 2 (1 mmol), secondary amine 3
(1 mmol), and [Bmim]BF4 (0.2 mL) were taken in a 25 mL round bottomed
flask. The reaction mixture was stirred at room temperature for 20 min. After
completion of the reaction as indicated by TLC, ethanol (1 mL) and water
(1 mL) were successively added while stirring. The product was filtered and
washed with water and ethanol to afford pure product 4. The aqueous phase
containing the ionic liquid was washed with ether (10 mL) to remove the
organic impurities, and then dried under vacuum at 90–95 �C for 2 h to afford
[Bmim]BF4, which was used in the subsequent runs without further
purification. 2-{4-(Morpholine-4-yl)-5H-benzopyrano[2,3-d]pyrimidin-2-
yl)}phenol (4c) Yellow solid, mp: 196–197 �C; IR (KBr): m 3449, 3049, 2962,
2858, 1581, 1390, 1246, 1118 cm�1; 1H NMR (300 MHz, CDCl3): d 3.48 (t, 4H,
J = 4.2 Hz), 3.89 (m, 6H), 6.89–6.98 (m, 2H, Ar), 7.09–7.28 (m, 4H, Ar), 7.33 (t,
1H, J = 7.6 Hz, Ar), 8.38 (d, 1H, J = 7.8 Hz, Ar), 13.11 (s, 1H); 13C NMR (75 MHz,
CDCl3): d 25.4, 48.5, 66.5, 97.5, 116.9, 117.5, 118.2, 118.7, 118.9, 124.4, 128.1,
128.4, 129.0, 132.8, 150.2, 160.2, 161.8, 164.0, 164.5; Anal. Calcd for
C21H19N3O3: C, 69.79; H, 5.30; N, 11.63. Found: C, 69.68; H, 5.24; N, 11.55.
General procedure for preparation of 2-amino-4-arylsulfanyl-4H-chromene-3-
corbonitriles (7): A mixture of salicylaldehyde 1 (1 mmol), malononitrile 2
(1 mmol), thiol 5 (1 mmol) and [Bmim]BF4 (0.2 mL) was stirred at room
temperature for 30 min. After completion of the reaction as indicated by TLC,
the product was isolated and purified adopting the same method as given in
Ref. 28. 2-Amino-6-bromo-4-p-tolylsulfanyl-4H-chromene-3-carbonitrile (7d)
White solid, mp: 168–169 �C; IR (KBr): m 3449, 3329, 2199 cm�1; 1H NMR
(300 MHz, CDCl3): d 2.32 (s, 3H), 4.54 (s, 2H), 4.89 (s, 1H), 6.60 (d, 1H, J = 8.7 Hz,
Ar), 7.01 (m, 4H, Ar), 7.28 (m, 1H, Ar), 7.42 (m, 1H, Ar); 13CNMR (75 MHz,
DMSO-d6): d 20.8, 46.1, 53.1, 115.7, 117.6, 119.5, 123.8, 126.6, 129.3, 131.2,
131.3, 136.1, 138.7, 148.2, 161.8; Anal. Calcd for C17H13BrN2OS: C, 54.70; H,
3.51; N, 7.50. Found: C, 54.60; H, 3.56; N, 7.43.


	An eco-safe approach to benzopyranopyrimidines and 4H-chromenes in ionic liquid at room temperature
	Acknowledgment
	References and notes


